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METHOD FOR REDUCING
INTER-FREQUENCY BIAS EFFECTS IN A
RECEIVER

CROSS REFERENCE TO RELATED
APPLICATION

This Application 1s related to Provisional Application
Serial No. 60/153,747 filed on Sep. 13, 1999,

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present 1nvention 1s related to satellite-based ground-
positioning systems and, more particularly, to a method for
reducing frequency-related biases 1n a such a system.

2. Background Information

The Global Navigation Satellite System (GLONASS) is
designed to utilize up to twenty four active satellites 1n earth
orbit. Each Global Navigation System (GNS) satellite trans-
mits signals centered on two discrete L-band carrier
frequencies, the frequency bands denoted by L1 and L2. The
L1 band, for example, includes twenty four transmitting
frequencies separated by 0.5625 MHz. A positional system
using GLONASS signals employs frequency-division mul-
tiplexing to differentiate between the signals of the various
satellites. As these signals pass through the RF section of a
GLONASS recelver, frequency-related biases are produced,
both 1n the pseudorange and in the carrier phase observa-
fions. These biases can arise from, for example, antennas,
cables, filters, and various other components in the front end
of the receiver.

One method of reducing the effects of the biases 1s to
directly calibrate the receiver RF section. Unfortunately, this
method 1s very labor intensive and requires specialized
cquipment. A more preferable method i1s to calibrate the
ciiects of the inter-frequency biases on the measurements
and correct the pseudorange or carrier phase measurements
accordingly. For example, the calibration procedure may call
for calibrating receivers in pairs, or calibrating a single
receiver using a multi-channel GLONASS simulator as a
reference. However, such calibration procedures do not
readily lend themselves to operation in the field. Further,
such calibration methods suffer from the shortcoming that
the accuracy of the derived frequency biases are based on the
functional attributes of the reference receiver or the simu-
lator. Moreover, the multi-channel GLONASS simulator 1s
an expensive device, and may have uncorrectable biases of
its own.

While the relevant art describes methods for calibrating
oglobal positioning devices, there remains a need for a
calibration method that offer advantages and capabilities not
presently found, and it 1s a primary object of this invention
to provide such a method.

It 1s also an object of the present invention to provide a
method of calibration which does not require use of
supplemental, specialized equipment.

It 1s another object of the invention to provide such a
method which can be performed 1n the field.

Other objects of the mvention will be obvious, 1 part,
and, 1n part, will become apparent when reading the detailed
description to follow.

SUMMARY OF THE INVENTION

The 1nvention results from the realization that a signifi-
cant source of the inter-frequency pseudorange bias 1n a
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2

GPS/GLONASS recerver results from signal group delay 1n
the IF filter. The disclosed calibration procedure includes the
steps of 1) removing the dynamics of the GPS and the
GLONASS satellites by using the ephemeris data for the
satellites; 11) estimating the change in receiver clock offset
by means of GPS satellite measurements, and 1ii) acquiring
a set of two or more measurements for each satellite fre-
quency of interest to estimate the corresponding inter-
frequency bias. The disclosed method utilizes a receiver
microprocessor to obtain pseudorange measurements while
the GLONASS local oscillator 1n the receiver 1s placed at
different frequencies. The disclosed method thus allows
individual calibration of receivers and advance calibration of
frequencies, where the calibration 1s valid for single point
positioning as well as for differential positioning.

BRIEF DESCRIPTION OF THE DRAWINGS

The 1nvention description below refers to the accompa-
nying drawings, of which:

FIG. 1 1s a diagrammatical view of a GPS/GLONASS
receiver 1n accordance with the present mvention; and

FIG. 2 1s a flow chart 1illustrating a three-measurement
method for obtaining an inter-frequency bias correction
factor 1n accordance with the present invention.

FIG. 3 1s a flow chart illustrating an alternative two-
measurement method for obtaining a correction factor in
accordance with the present invention.

DETAILED DESCRIPTION OF AN
ILLUSTRATIVE EMBODIMENT

FIG. 1 1s a diagrammatical view of a satellite-based
oground-positioning receiver system 10 as may be used 1n the
present 1vention. The receiver system 10 includes an
antenna 11 for receiving pseudorandom-noise-encoded sig-
nals from, for example, Global Positioning System (GPS)
satellites and frequency-division multiple access (FDMA)
signals from the GLONASS satellites (not shown) and
passing the signals along to a radio frequency (RF) section
13. Alocal oscillator 1s used to down-convert the respective
RF signal to an intermediate frequency (IF) signal. A
receiver clock 15 provides a clock reference.

In a preferred embodiment, the signals from the GPS
satellites are combined at a GPS mixer 21 with the signal
from a GPS local oscillator 23. The local oscillator 23 1s
under the control of a microprocessor 25 which establishes
the IF frequency. The resultant GPS IF signal 27 passes to
an IF section 31 for filtering and for further processing. The
IF section 31 typically includes a filter 33, such as a surface
acoustic wave (SAW) filter, and a digital signal processor 385.

The signals from the GLONASS satellites pass through
the RF section 13 and are combined at a GNS mixer 41 with
the signal from a GNS local oscillator 43. The local oscil-
lator 43 1s controlled by a microprocessor 45. The resultant
GNS IF signal 47 passes to the IF section 31 for filtering and
processing. As can be appreciated by one skilled 1n the
relevant art, there are frequency-dependent transmission
delays incurred by the GLONASS satellite signals 1n passing
through the RF section 13. Moreover, IF signals of varying
frequencies enter the IF section 31 and incur further delays,

also frequency-dependent, 1in passing through the SAW filter
33.

The principal source of the inter-frequency biases in the
receiver system 10 1s the SAW filter 33. The disclosed
method provides a means to calibrate the biases resulting

from the frequency-related effects of the SAW filter 33. A
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preferred calibration procedure suitable for use in the field
uses a single GLONASS receiver with ‘live” GLONASS and
GPS signals. An alternative procedure, suitable for factory
calibration or screening, uses a GLONASS receiver with a
single-channel GLONASS simulator. In brief, the disclosed
procedure includes the following steps: 1) the dynamics of
the GPS and the GLONASS satellites are removed by using
the ephemeris data for the satellites; i1) the change in
receiver clock offset 1s estimated by means of GPS satellite
measurements, and 1i1) a set of two or more measurements
1s made at different satellite frequencies controlled by
changing the frequency of the GNS reference oscillator 43
to estimate the corresponding inter-frequency bias.

The GPS pseudorange measurement P, at each time
epoch t,; can be expressed as follows:

P ps(tn)=R 6 ps(E)+CrEn)—C i ps(Ea) e sa (Ea) €4 p(Ea)+Ealta)+
EAG(IN) (1
where: R;pe(ty) 1s the theoretical range between a GPS
satellite and the receiver system 10;

Crea) 18 the offset of the receiver clock 15;
C.p(ty) 1s the offset of the GPS satellite clock;

€.4(1x) 1s the error induced by the selective availability
feature;

€x(ty) 1s the error due to GPS multipath at the receiver
system 10;

eundla) 1s the error due to white noise in the receiver
system 10; and

€.4(1x) 18 the aggregate error which includes atmospheric
delay, residual GPS satellite position, and GPS clock
errors. The GPS theoretical range R ,.(t,,) is derived
using known position of the user and ephemeris data. In
a typical application, the user’s position 1s fixed and
known within 100 meters and the ephemeris data 1s
precise enough to provide an accurate bias correction.
The GPS satellite clock offset C54(ty) can be obtained
from downlink data.

In accordance with the inventive method, a receiver clock
correction term CLKcorr . 1s determined as a function of
the pseudorange P .., the theoretical range R .., and the
GPS satellite clock offset C,n.. The parameter values are
obtained at successive instances of time (t,, t;, . . . t,). The
values are averaged and used to estimate inter-frequency
biases as explained m greater detail below. In a preferred
embodiment, three measured values are obtained at con-
secutive times t,, t;, and t,. For a set of three values {(t,),
f(t,), and f(t,), the average value 1s given by [{(t,)-2f(t,)+
f(t,)]. These averaged values provide a receiver clock cor-
rection term CLKcorr 5. 1n accordance with the expression:

CLKcorrgps(12) = [Paps(to) — 2Pgps(f1) + Paps(i2)] — (2

[Reps(to) —2Raps (1) + Raps(f2)] +

[Caps(to) —2Cqps(ty) + Caps(ta)]

It has been determined that three measurements are adequate
to offset the effects of selective availability (where present)
and multipath. Preferably, the measurements are performed
within ten to twelve seconds to assure good pull-in without
compromising measurement accuracy. Because the value of
the aggregate error €,(ty) changes little during the mea-
surement period (t,—t,), the term [€, (t5)—-2€,5(t;)+€4 (15)]
becomes negligible over this period and equation (2) reduces
to the expression:

CLK cort g ps(tr)=€ corrapst| Crllo)=2Cr(1)+Cr(1,) ] (3
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where

€CCorRRGPS=EsaTE AP TE W (4

and

€54=€54(F0)—2€54(f1 JHesa(2s)
€rp=Eprplto)—2€psp(E)F€psp(5) (5
Ewn=Ewnlo)—2€alt)Hepalls)

The correction term CLKcorr ;¢ for the GPS signal 1s thus
expressed as a function of selective availability (when
present), multipath, white noise, and the offset of the
receiver clock 15. It should be noted that the standard
deviation of the error, O, ,ppcpe €an be reduced to

TCORRGPS

Vn

by averaging the estimates from a plurality of n GPS
satellites.

With respect to the GLONASS satellite signals, the pseu-
dorange measurement P, for a satellite operating at a
frequency t,, can be represented by the expression:

P onsnidar)=Rensn)t0cpsonstCrltn)—C ons(Ea) 0 (far) +br (far)+
€ prp(Ea)+€ waltn)+€ acliy) (6

where R;a(ta) 1s the theoretical range between the GLO-
NASS satellite and the receiver system 10;

b;pene 1S the essentially constant difference between
GPS and GLONASS clocks and includes the RF delay
difference between GPS and GLONASS satellite sig-

nals 1n the receiver system 10;
Coas(ty) 1s the offset of the GLONASS satellite clock;

b, (f,,) 1s the pseudorange bias for frequency M caused by
receiver components located in the signal path
upstream of the GNS mixer 41;

b, (f;,) is the pseudorange bias for frequency M caused by
receiver components located 1n the signal path down-
stream of the GNS mixer 41;

€' ,p(ty) 1s the error due to GLONASS multipath at the
receiver system 10;

€'wally) 1S the error due to white noise in the receiver
system 10; and

€' s(ty) 18 the aggregate error which includes atmospheric

delay, residual GLONASS satellite position, and related
clock errors.
As stated above, because the downstream bias parameter
b, (f,,) 1s considered to be the principal contributor to the
inter-frequency biases, the upstream parameter b, (f,,) 1s not
determined in the preferred embodiment and, accordingly, 1s
not included 1n subsequent derivation.

In the preferred embodiment, the difference in bias at a
satellite frequency - and a reference frequency l,.r 1S
computed by obtaining a series of three measurements from
a selected satellite transmitting at frequency f,,. Preferably,
the reference frequency 1., 1s one of the twenty-four
defined GLONASS satellite operating frequencies, but 1t
should be understood that a reference frequency utilized 1n
the present mnvention 1s not limited to GLONASS frequen-
cies. The GNS local oscillator 43 1s used to place the satellite
signal at the IF frequencies normally used by 1, and 1., as
needed. Two measurements, at times t, and t,, are obtained
at the reference frequency 15,5, and the third measurement,
at time t,, 1s obtained at IF frequencies corresponding to the
satellite frequency 1.- as explained 1n greater detail below.
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The following equation 1s used for estimating the ditter-
ence 1n pseudorange bias Ab, for the satellite frequency f,-
and the reference frequency f..:

Aby(frer- fx) = 0.5 {[Pans(to, frer) — 2Pans(ti, fi) + (7

Pens(tz2, frer)] — [Rons(to) — 2Rays (1) +
Rens(0)] + [Cons(to) = 2Cqns (1) +

Ceons ()] = CLKcorrgps|

where R (1) and Cgaao(t) are computed from the GLO-
NASS ephemeris data and the fixed position of the receiver
system 10. This can be explained in greater detail with
reference to FIG. 2 in which the three-measurement proce-
dure for computing a value for the pseudorange bias ditfer-

ence Ab, (frppf;) for the GLONASS satellite frequency f,
includes the following operations:

1. Obtain GPS satellite pseudorange measurements at
times t,, t;, and t, to give Pspe(ty), Psps(t;), and

P.pq(t,), 1In boxes 101, 103, and 10S.

2. Compute GPS theoretical range measurements at times

to, t;, and t; to give R;ps(ty), Repg(ty), and R pg(ts), 1n
boxes 101, 103, and 105.
3. Determine GPS satellite clock offset at times t,, t,, and

t, to give Copdlly), Cops(ty), and Cgpg(ts), m boxes
101, 103, and 105.

4. Use the values from operations 1 through 3 1n equation
(2) to obtain a value for the receiver clock correction

term CLKcorr,p((1,), in box 107.

5. Obtain GLONASS satellite pseudorange measurements
at times t,, t,, and t, to give P\ (t°,fo. 1), Ponc(t; ),
and Psao(ts,frzr), 1In boxes 111, 113, and 115.
Preferably, one GLONASS satellite 1s used and the
frequency of the GNS IF signal 47 1s changed between
I~ and I; by means of the GNS local oscillator 43.

6. Compute GLONASS theoretical range measurements
at times t,, t;, and t, to give Razas(ty), Raas(ty), and
R;ns(t5), 1n boxes 111, 113, and 1185.

7. Determine GLONASS satellite clock offset at times t,,

t;, and t, to give Conglty), Cons(ty), and Copngl(ts), 1n
boxes 111, 113, and 115.
8. Use the values from operations 4 through 7 in equation

(7) to obtain a value for the bias difference ADb, (frpp
f,), in box 109.

The value for Ab, (frzf,) can be found by performing
the following additional operations:

9. Retain the most recent values for P.,(t,), R.pd(1,),

Cors(ta), Pons(tolrer)s Rons(tz), and Cops(ts) from
operations 1 through 8.

10. Obtain GPS satellite pseudorange measurements at
times t; and t, to give Pspo(ts) and P,pg(t,), in boxes

121 and 123.

11. Compute GPS theoretical range measurements at
times t; and t, to give R;pg(t5) and R p4(t,), in boxes

121 and 123.

12. Determine GPS satellite clock offset at times t; and t,
to give C.«(t;) and C.,(t,), in boxes 121 and 123.

13. Use the retained values from operation 9 and the
values obtained 1n operations 10 through 12 to obtain a
value for the receiver clock correction term

CLKcorr;p((t,), in box 127.

14. Obtain GLONASS satellite pseudorange measure-
ments at times t; and t, to give Paag(ts,f5) and Py

(t,,fzzz), In boxes 131 and 133.
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15. Compute GLONASS theoretical range measurements
at times t, and t, to give R, (t;) and R, (t,), in

boxes 131 and 133.

16. Determine GLONASS satellite clock offset at times t,
and t, to give Csas(ts) and Cope(t,), in boxes 131 and

133.

17. Use the retained values from operation 9 and the
values obtained 1n operations 13 through 16 to obtain a
value for the bias difference ABL(fREF:fZ) in box 129.

To compute a value for bias difference Ab; ({5zf5), the
calibration process continues to box 125, for derivation of
P..d(ts), R.p(ts), and C,.,(ts) and to box 135 for deriva-
tion of Poye(ts,f3), Roas(ts), and Coai(ts), and follows a
procedure similar to operations 9 through 17 above, as
indicated by arrows 137 and 139.

This procedure 1s repeated for any of the GLONASS
satellite frequencies of interest. In way of example, the
calibration for the four satellite frequenciesf , f,, I, and
is performed by making an estimate of Ab,(f,;..f ), Ab,
(Lerrly), Ab;(Tppsf.), and Ab;(fzzzf;). This is done by
selecting the signals of a particular GLONASS satellite and
adjusting the GNS local oscillator 43 to obtain a series of
measurements on the selected satellite signals at GLONASS
frequencies torr, t, torm Ly torm L, Topm, £, and {5, .
Then, for derivation of the respective inter-frequency bias
correction terms, the results are preferably combined into
groups of three measurements each: (fpzpl . forr), (lrgrlss
trer)s (replolrer)s a0d (reptstrer).

A time 1nterval of about ten to twelve seconds between
cach set of measurement groups assures good pull-in with
out excessive error due to factors such as selective avail-
ability. When all the differences have been estimated once,
the process starts again from f,,.., t , and .. so that a set
of bias difference estimates for each frequency can be
averaged together to form the final bias estimate. The
resultant values are stored 1 a nonvolatile memory as
correction values.

The disclosed method provides an accurate estimate of the
inter-frequency biases. This can be shown by noting that, if
the expressions for P_,.(t,) from equation (6) and CLK-
COIT;ps from equation (3) are substituted in equation (7), the
pseudorange bias estimate can be expressed as:

531, Frerfi)=0-5"{€ans—€corrapst2 b frer)—br (f) 1} (8

where,

€ans=l € pp(lo)=2€ pp(t1)+€ np(t2) € ywplt)-2€ walt )+ walta) | O
The pseudorange bias estimate error 1s thus on the order of
0.5*(€Gns—€corrGrs)-

For an environment 1n which multipaths effects are at a
reduced level, or where the selective availability feature 1s
not a factor, the pseudorange bias estimate can be obtained
by using only two measurements for each GLONASS sat-
cllite frequency of interest. Accordingly, for a set of two
values f(t;) and f(t,), the average value is given by [{(t,)-
f(t,)]. In the alternative, two-measurement method, the pseu-
dorange bias Ab, is then given by:

Aby (frers fx) = [Pons(to» frer) — Pons(tis fi)] - (10

[Rens(fo) — Raws ()] +

[Cans(to) — Cans(t1)] — CLKcorrgps

where

CLKcort gps(t)=l P cps(to)=Pepst) - Reps(to)—Reps(t) I+

[CGPS(ID)_CGPS(II)] (11
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In the alternative two-measurement method, the proce-
dure for computing a value for the pseudorange bias differ-
ences Ab; (frgmli), Ab;({orrfs) . . . Ab;(fxzz[a) for the

GLONASS satellite frequencies f,, £, . . . I, includes the
following operations, as shown 1n FIG. 3:

1. Obtain GPS satellite pseudorange measurements at

times t, and t; to give P;po(t,) and P, pg(t;), in boxes
141 and 143.

2. Compute GPS theoretical range measurements at times
o, and t; to give Ropc(ly) and R,p((t;), 1n boxes 141
and 143.

3. Determine GPS satellite clock offset at times t, and t,
to give C.ni(ty) and C.,(t,), in boxes 141 and 143.

4. Use the values from operations 1 through 3 1n equation

(11) to obtain a value for the receiver clock correction
term CLKcorr.,d(t,), In box 151.

5. Obtain GLONASS satellite pseudorange measurements
at times t, and t; to give Popo(to.frer) and Poao(ts,1),
in boxes 161 and 163, using one GLONASS satellite
where the frequency of the GNS IF signal 47 1s changed
from . to £; by means of the GNS local oscillator 43.

6. Compute GLONASS theoretical range measurements

at times t, and t; to give Rsnd(ty) and R o(t;), in
boxes 161 and 163.

7. Determine GLONASS satellite clock offset at times t,,

and t; to give Csas(ty) and Cope(ty), in boxes 161 and
163.

8. Use the values from operations 4 through 7 1 equation
(10) to obtain a value for the bias difference Ab; ({zzf,

f,), in box 153.

9. Obtain GPS satellite pseudorange measurements at
times t, and t; to give Pspo(t,) and P, p(t5), in boxes

145 and 147.

10. Compute GPS theoretical range measurements at
times t, and t; to give R.,(t,) and R ,(t;), in boxes

145 and 147.

11. Determine GPS satellite clock offset at times t, and t,
to give C.,(t,) and C.,(t;), 1n boxes 145 and 147.

12. Use the values obtained 1n operations 9 through 11 to

obtain a value for the receiver clock correction term
CLKcorr,. »(t;), in box 155.

13. Obtain GLONASS satellite pseudorange measure-

ments at times t, and t; to give Po(t-,fzzz) and
P .. (ts,f,), iIn boxes 165 and 167.

14. Compute GLONASS theoretical range measurements
at times t, and t; to give Rsud(t,) and Ry o(t3), in

boxes 165 and 167.

15. Determine GLONASS satellite clock offset at times t,
and t5 to give Csas(t,) and Cpe(ts), in boxes 165 and

167.
16. Use the values obtained 1n operations 12 through 15
to obtain a value for the bias difference Ab, ({..,f,), in box

157.

17. Repeat operations 1 through 4, as indicated by arrow
149, to compute a value for CLKcorr.,(ts) by deriv-

iIlg PGPS(t4)= PGPS(tS)? RGPs(%)? RGPS(t5)? CGPS(t4)’

and C_,d(15).
18. Repeat operations 5 through &, as indicated by arrow

169, to compute a value for bias difference Ab, (frzff5)
by deriving values for P, (1, er7)s Ponc(ts,ls), R

(t1), Roas(ts), Cons(ty), and Copg(ts).
Invoking the above two-measurement procedure for the
four satellite frequenciest ,1,,1 , and I ,, an estimate 1s made

of the expressions Ab, (frpp.f.), AD, (Frpsts), Ab, (Frp L),
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and Ab, ¢rerstg). In one embodiment, this 1s done by
obtaining a series of measurements on the selected satellite
signals at GLONASS frequencies {orrm L, Inrrs 1, Lopr, I,
Frorr 1, and 1. .. Then, for derivation of the respective
inter-frequency bias correction terms, the results are prefer-
ably combined into groups of two measurements each:

(fREF: fa)? (FREF: fb)? (FREF: f.-:)? and (fREF: fd) In another
embodiment, computational resources may be decreased by

making the measurements in the following order: Fr. 7, L

i?

t,, torr ., 1, and ... For derivation of the respective
inter-frequency bias correction terms, the results are com-
bined into groups of two measurements each: ({,., { ), (f,,
frrr), (lress £), and (foz5, ;) where the same {,.. value is
used 1n derivation with both f, and f_.

In yet another alternative embodiment, a GLONASS
single-channel simulator 1s set up to transmit on a specified
GLONASS frequency with zero Doppler frequency. If the
simulator and the receiver system 10 are set up to operate
from the same clock, the theoretical pseudorange will not be
changing, and there will be no relative change between the
simulator and the receiver system 10 as a consequence of
clock drift. The receiver system 10 then cycles through a
serics of twenty-four measurements, adjusting the GNS
local oscillator 43 ecach time to move 1t ahead by one
frequency interval. Each measurement set 1s taken over a
fime interval suitable for ‘smoothing’ the pseudorange such
that the accuracy can be brought to the desired level of the
calibration. To obtain the final result, each smoothed pseu-
dorange 1s differenced with that taken at the specified
frequency to obtain the bias difference at all the frequencies.

While the invention has been described with reference to
particular embodiments, it will be understood that the
present 1nvention 15 by no means limited to the particular
constructions and methods herein disclosed and/or shown 1n
the drawings, but also comprises any modifications or
equivalents within the scope of the claims.

What 1s claimed 1s:

1. A method for reducing frequency-dependent bias
cilects 1n a fixed satellite-based ground-positioning receiver
having the capability to receive both pseudorandom noise
(PRN) encoded signals such as transmitted by GPS
satellites, and frequency division multiple access (FDMA)
signals such as transmitted by GLONASS satellites, said
method comprising the steps of:

obtaining pseudorange measurements from the PRN sig-
nals at times t,, t;, and t,;

computing theoretical PRN satellite range measurements
at times t,, t;, and t,;

determining PRN satellite clock offsets at times t,, t,, and

-

deriving a PRN correction value at time t, from said PRN
pseudorange measurements, said theoretical PRN
range measurements, and said PRN satellite clock

offsets;

obtaining FDMA pseudorange measurements (1) at time t,
and at a reference frequency f{rz, (i1) at time t; and at
a first frequency f,, and (ii1) at time t, and at said
reference frequency {,.r;

computing theoretical FDMA satellite range measure-
ments at times t,, t,, and t,;

determining FDMA satellite clock of
and t,; and

obtaining a bias correction value at time t, for said first
frequency I, from said PRN correction value at time t,,
said FDMA pseudorange measurements, said theoreti-
cal FDMA satellite range measurements, and said

FDMA satellite clock offsets.

sets at times t,, t,,




US 6,603,998 Bl

9

2. The method of claim 1 wherein said step of deriving
said PRN correction value at time t, comprises a step of
averaging said PRN measurements and offsets by adding a
saild PRN measurement or offset at time t, to a respective
saild PRN measurement or offset at time t, and subtracting
therefrom twice the value of the respective said PRN mea-
surement or offset at time t,.

3. The method of claim 2 further comprising the step of
averaging said FDMA measurements and offsets by adding
saild FDMA measurements or offsets at said reference ire-
quency I, and subtracting therefrom twice the value of the
respective said FDMA measurement or offset at said first
frequency 1.

4. The method of claim 3 wherein said step of obtaining,
a bias correction value at time t, comprises the step of
combining said averaged FDMA measurements and offsets
with said bias correction value at time t,.

5. The method of claim 1 further comprising the steps of:

obtaining pseudorange measurements from the PRN sig-
nals at times t; and t,;

computing theoretical PRN satellite range measurements
at times t, and t,;

determining PRN satellite clock offsets at times t; and t,;

deriving a PRN correction value at time t, from said PRN
pseudorange measurements, said theoretical PRN
range measurements, and said PRN satellite clock

I

offsets;

obtaining FDMA pseudorange measurements (i) at time t,
and at a second frequency f,, and (i1) at time t, and at
said reference frequency f.r;

computing theoretical FDMA satellite range measure-
ments at times t; and t,;

determining FDMA satellite clock offsets at times t, and
t,; and

obtaining a bias correction value at time t, for said second

frequency 1, from said PRN correction value at time t,,
said FDMA pseudorange measurements, said theoreti-
cal FDMA satellite range measurements, and said
FDMA satellite clock offsets.

6. A method for reducing frequency-dependent bias
ciiects 1n a fixed satellite-based ground-positioning receiver
having the capability to receive both pseudorandom noise
(PRN) encoded signals such as transmitted by GPS
satellites, and frequency division multiple access (FDMA)
signals such as transmitted by GLONASS satellites, said
method comprising the steps of:

obtaining pseudorange measurements from the PRN sig-
nals at times t, and t;

computing theoretical PRN satellite range measurements
at times t, and t;;

determining PRN satellite clock offsets at times t, and t;

deriving a PRN correction value at time t, from said PRN
pseudorange measurements, said theoretical PRN
range measurements, and said PRN satellite clock

offsets;

obtaining FDMA pseudorange measurements (1) at time t,,
and at a first frequency {5z, and (ii) at time t; and at

a second frequency {,;

computing theoretical FDMA satellite range measure-
ments at times t, and t,;

determining FDMA satellite clock offsets at times t, and
t,; and

obtaining a bias correction value at time t, for said second
frequency I, from said PRN correction value at time t,,
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saidd FDMA pseudorange measurements, said theoreti-
cal FDMA satellite range measurements, and said
FDMA satellite clock offsets.

7. The method of claim 6 wherein said step of deriving
saild PRN correction value at time t; comprises a step of
averaging sald PRN measurements and offsets by determin-
ing the difference between a said PRN measurement or offset
at time t, and a respective said PRN measurement or offset
at time t,.

8. The method of claim 7 further comprising the step of
averaging said FDMA measurements and offsets by deter-
mining the difference between a saxd FDMA measurement
or offset at said first frequency {,.~ and a respective said
FDMA measurement or offset at said second frequency f{,.

9. The method of claim 8 wherein said step of obtaining
a bias correction value at time t, for said second frequency
f, comprises the step of combining said averaged FDMA
measurements and offsets with said bias correction value at
fime t,.

10. A method for reducing frequency-dependent bias
cilects 1n a fixed satellite-based ground-positioning receiver
having the capability to receive both pseudorandom noise
(PRN) encoded signals such as transmitted by GPS
satellites, and frequency division multiple access (FDMA)
signals such as transmitted by GLONASS satellites, said
method comprising the steps of:

deriving PRN source positional data by using the PRN
encoded signals;

deriving receiver clock correction data using said PRN
source positional data;

deriving FDMA source positional data at a reference
frequency by using the FDMA encoded signals;

deriving FDMA source positional data at a first frequency
by using the FDMA encoded signals; and

calculating a correction term for said first frequency from
said derived data, said correction term for reducing the
frequency-dependent bias effects.

11. The method of claim 10 wherein said step of deriving
PRN source positional data includes the steps of obtaining
PRN pseudorange measurements, computing PRN source
range measurements, and determining PRN source clock
oilsets.

12. The method of claim 11 wherein said step of deriving
receiver clock correction data comprises the step of averag-
ing said PRN pseudorange measurements, said PRN source
range measurements, and said PRN source clock offsets.

13. The method of claim 12 further comprising the step of
averaging said FDMA source positional data at said refer-
ence frequency and said FDMA source positional data at
said first frequency.

14. The method of claim 13 wherein said step of calcu-
lating a correction term from said derived data includes the
steps of using said derived receiver clock correction data and
said averaged FDMA measurements.

15. The method of claim 10 wherein said step of deriving
FDMA source positional data at said reference frequency
includes the steps of obtaining an FDMA psecudorange
measurement, computing a FDMA source range
measurement, and determining a FDMA source clock offset.

16. The method of claim 10 further comprising the steps

of:

deriving FDMA source positional data at a second fre-
quency by using the FDMA encoded signals; and

calculating a correction term for said second frequency
from said derived data.
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